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Gearshift Apparatus for Multi-Gear Transmissions 



The invention relates to a gearshift mechanism for 
multi-ratio transmissions. 

Multi-ratio transmissions of the type with several 
shift rails, which are arranged next to each other and 
support respectively one shift fork for engaging and 
disengaging gears, are known. Examples are to be taken from 
US patent No. 4,104,929. The shift rails of such 
transmissions are seated in an orientation parallel in 
respect to each other and displaceably longitudinally within 
the transmission housing. In this case each shift rail has a 
neutral position and at least one position in which it is 
moved out of the latter' (in gear position) . The shift rails 
have dutouts to be engaged by a shift finger. When all shift 
rails are in their neutral position, cutouts are aligned with 
each other, so that the shift finger can be moved 
transversely in respect to the shift rails through the 
cutouts, (the cross -gate movement) . 
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To actuate individual shift rails, the shift finger is 
moved into the cutout of a selected shift rail. A subsequent 
movement of the shift finger in respect to the longitudinal 
5 (into gear) direction of the respective shift rail displaces 
the latter accordingly. By means of this the associated shift 
clutch is actuated via the shift fork associated with the 
shift rail. In this case each shift fork is preferably 
responsible for a pair of gears ^ for example reverse 

10 gear/first gear, or second/third gear. The pairs of gears are 
arranged in a conventional H-shift pattern or HH-shift 
pattern at ends of a branch of the shift pattern which are 
located opposite each other. In this case the change of the 
shift finger from one shift rail to the other shift rail, 

15 i.e. a lateral movement of the shift finger, corresponds to a 
change in the branches of the shift pattern, for example from 
two/three to four /five. Thus the path of the shift finger 
from shift rail to shift rail determines the lateral shifting 
travel at the shift finger and consequently of a shift lever 

20 connected to the shift finger. With transinissions of 
increased size, which can have increased shift rail 
distances, long shifting travels can therefore occur. 

Summary of the invention 

25 

Based on this, it is the object of the invention to 
provide a gearshift apparatus, which permits a reduction of 
the lateral shifting travel (cross-gate travel) . 

30 This and other objects are attained by means of the 

gearshift mechanism according to claim 1. 

A gear selection mechanism with three, four or more 
shift rails has a shift rail selector element for axially 
35 moving a selected shift rail. The shift rails are provided 
with cutouts, which form a course through which the shift 
rail selector element can move transversely in respect to the 
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shift rails- The shift rail selector element has two tongues^ 
which are arranged parallel with each other and spaced apart 
from each other. The tongues are located in the shifting 
course formed by the cutouts. In this case the cutouts in the 
5 shift rails are laterally spaced apart from each other in 

such a way that one of the tongues of th^ shift rail selector 
element can only come into engagement with respectively one 
shift rail. Adjoining cutouts are either arranged so close 
together that a cutout is placed into the space between the 
10 tongues while one of the tongues is in engagement with the 
other cutout, or that one cutout is located outside of the 
fork formed by the tongues, while one of the tongues is in 
engagement with a cutout. 

15 A particular advantage of such an arrangement of the 

shift rails and their cutouts and of the use of a pair of 
tongues, i.e. a forked shift rail selector element, lies in 
that the shift rail selector element can be given a 
particularly short transverse (cross-gate) travel. Because of 

20 this the transmission is given a shift feel and a short 

shifting path as in a passenger car, even if it is larger 
than a conventional passenger car transmission. But with a 
known selection finger the path must be greater in order to 
reach one of the three or four shift rails. 

25 

The gearshift mechanism in accordance with the 
invention makes possible a clearly reduced lateral shifting 
travel (cross-gate travel) . The reduced travel is an 
advantage in passenger cars and can give the transmission of 
30 a truck a shift travel similar to that of a passenger car. 
The invention, which basically can be used in all 
transmissions with several shift rails, is particularly 
suited for use in medium-size transmissions in a torque range 
between 1000 and 2000 Nm. 

35 

Shortening of shift lever travel is achieved in that 
the shift rail selector element is provided with two spaced- 
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apart selector tongues, which can be moved transversely 
through a shifting course constituted by interlocking 
elements of the shift rail. The interlocking elements are for 
example cutouts in the shif.|^ rails, or in fork-like 
protrusions thereof. When these cutouts are positioned next 
to each other, they form the shifting course. 

While the first selector tongue engages with one of 
the two shift rails and the selector tongue serves two 
adjoining shift rails, which for example, constitute a pair 
of shift rails, 1:he second selector tongue is engageable with 
a third shift rail, as well as a fourth shift rail, which can 
be optionally provided and which then makes a pair with the 
third shift rail. The distance between the interlocking 
elements of the shift rails within a pair of shift rails is 
clearly less than the lateral distance of the two pairs of 
shift rails from each other. 

The gearshift mechanism has at least three shift 
rails. If required, it can have four shift rails arranged in 
two pairs (or even more) • The principle of the invention can 
be applied in particular to an arrangement in which all shift 
rails are arranged next to each other, and the shift rail 
selector element moves on a straight path laterally in 
respect to the shift rails for selecting them. Alternatively, 
the principle of the invention can be applied in connection 
with shift rails arranged next to each other on a curved 
line, for example an arc of a circle, in which case the shift 
rail selector tongue then moves on a path in the shape of an 
arc of a circle. In both cases a reduction of the travel of 
the shift rail selector element reqpjired for selecting a 
shift rail is achieved. 

A preferred emboddLment of a gearshift mechanism has 
shift rails of rectangular cross section. These permit a 
particularly short lateral distance and therefore short shift 
lever travel. This in particular, if the interlocking 
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elements, measured in the- first direction (transverse 
direction) have a width which is less than the width, 
measured in the same direction, of the respective shift rail. 
In a preferred embodiment, the width of the interlocking 
5 elements is approximately half the width of the shift rails . 
By means of this a reduction of the shifting travel by almost 
one third results, compared with gearshift mechanisms of the 
conventional type. 

10 A blocking device (interlocking assembly) is 

preferably a part of the gearshift mechanism, which assures 
that only one shift rail can be moved out of its center 
neutral position into an engagement position by means of a 
linear movement. The blocking device has a blocking element 

15 (interlocking element), which is preferably formed by a 

transverse bolt or transverse rib extending transversely in 
respect to the shift rails. This blocking element follows the 
transverse movement of the shift rail selector element, and 
to this end it is fixedly connected with it in respect to the 

20 transverse direction (first direction) . The blocking element 
has one or several cutouts, which act together with 
projections or cutouts formed on the shift rails. For 
example, the blocking element can extend through a groove 
formed by cutouts in the shift, rails. Only that shift rail, 

25 which is aligned with the cutout in the blocking element, can 
be moved. A mechanical blockage of the gearshift mechanism is 
caused in this way, so that erroneous simultaneous actuations 
engagement of two gears can be prevented. 

30 The shift rail selector element can be embodied as a 

pivot finger with a forked end, or as a slider with two 
selector tongues (tongues) . In the latter instance, the shift 
rail selector element is preferably seated in a support, 
which is movable in respect to the shift rails, so that it is 

35 displaceable in relation to the longitudinal direction of the 
shift rails. The 'support can be resiliently biased in respect 
to its center position. The center position is preferably a 
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center neutral position. However, it can also be determined 
differently from this. 

Further details of advantageous embodiments of the 
invention ensue from the dependent claims, the drawings 
and/or the description. 

Brief Description of the Drawings 

Fig. 1 illustrates a transmission in a schematic 
representation. 

Fig. 2 illustrates a gearshift mechanism in a 
perspective schematic representation. 

Fig. 3 ' illustrates a gearshift mechanism with the 
reverse gear shift rail selected, in a cross-sectional 
representation. 

Fig. 4 illustrates the gearshift mechanism of Fig. 3 
with a second shift rail selected, in a cross-sectional 
representation. 

Fig. 5 illustrates the gearshift mechanism of Figs. 3 
and 4 with a third shift rail selected, in a cross-sectional 
representation. 

Fig. 6 illustrates the gearshift mechanism of Figs. 3 
to 5 with a fourth shift rail selected, in a cross-sectional 
representation. 

Fig. 7 is a schematic illustration of the geometric 
relationships between the shift rails and their interlocking 
elements with the selector tongues of the gearshift selector 
element in a schematic representation (at a highly abstract 
level) , 
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Fig. -8 illustrates' the embodiment of a shift rail in a 
schematic and sectional perspective representation. 

Fig- 9 illustrates a gear cassette of the gearshift 
mechanism in accordance with the invention in a perspective 
representation. 

Fig. 10 illustrates a gearshift mechanism with a 
pivotable shifting finger and four shift rails in a partially 
sectional perspective representation. 

Fig. 11 illustrates the shift rail selector element, 
which is a part of the gearshift mechanism in accordance with 
Fig. 10, in a perspective representation. 

Description of Embodiments of the Gearshift Mechanism in 
Accordance with the Invention: 

A five-gear manual change gear transmission 1 is 
illustrated in Fig. 1, which has an input shaft 2, a main 
shaft 3, an output shaft 4 and a countershaft 5, arranged 
parallel with the main shaft 3- The shafts are rotatably 
seated in a transmission housing, not represented in detail. 
The input shaft. .2-- has an input gear 6, which is connected, 
fixed against relative rotation, ' with the latter and meshes 
with a counter shaft gear 7, by means of which the 
countershaft 5 is driven from the direction of the input 
shaft 2. Further gear wheels form gear wheel pairs 8, 9, 10, 
11, with which countershaft gears 13, 14, 15, 16, connected 
fixed against relative rotation with the countershaft 5, and 
main shaft gears 17, 18, 19, 20 rotatably seated on the main 
shaft 3, are respectively associated. With an idler gear, not 
further illustrated, a further countershaft gear 21 meshes 
with a further main shaft gear in order to form a gear set 12 
for the reverse gear. 

To select gears, clutches 23a, 24a, 25a, for example 
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of the jaw clutch type, are provided, which can be of the 
synchronized type or. the non-synchronized type, depending on 
the requirements. In its center position, the clutch 23a does 
not provide a coupling connection. If in Fig. 1 it is 
5 displaced toward the left, it couples the input shaft 2 with 
the main shaft 3 and constitutes the direct (fifth) gear. If 
it is displaced toward the right, it couples the main shaft 
gear 17 with the main gear, so that the gear wheel pair 8 is 
activated (transfers torque), so that the fourth gear is 

10 selected. Correspondingly, the clutch 24a is used for the 

selection between the second and third gears, and the clutch 
25a for the selection between the first gear and reverse. 
Thus, the transmission represented provides five forward 
gears and one reverse gear. If required, further gear wheel 

15 pairs can be provided in order to create a seven or a nine 

gear transmission. Moreover, it is possible to provide front- 
mounted or rear-mounted groups that is auxiliary 
transmissions of the splitter type, or the range type, or the 
splitter/range type. 

20 

In the present exemplary embodiment, three shift forks 
23, 24, 25 are provided, which are supported by the shift 
rails 28, 29, 30 of a gearshift mechanism 32, and are used 
for actuating the clutches 23a, 24a, 25a, i.e. to move them 

25 from their center neutral position into their left engagement 
position or into their right engagement position. Such a 
gearshift mechanism is represented in Fig. 2. The gearshift 
mechanism 32 in Fig. 2 is intended for a seven or nine gear 
transmission and has, in addition to the three shift rails 

30 28, 29, 30, a further shift rail 31. Correspondingly, a 

further shift fork 26 is provided, which is supported by the 
shift rail 31. 

The shift rails 28, 29, 30, 31 have an essentially 
35 rectangular cross section and are arranged next to each other 
in relation to a first direction (X-X direction) . Their ends 
are displaceably seated in bearing blocks 33, 34 in the 
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second direction (Y-Y direction) . 

The shift, rail 29 has been separately illustrated by 
way of example in Fig. 8. The shift rail 2 9 has two flat 
5 sides 35b, 36b, which are located opposite each other and 
point away from each other, which are respectively followed 
at the top and bottom by narrow sides 37b, 38b. The' 
corresponding flat sides and narrow sides of the shift rails 
28, 30 and 31 have the respective letter index a, c, or d 

10 (Fig. 3) . A trough-like depression 3 9b extends through the 
flat side 36b as far as to the narrow side 37b. The shift 
rail 29 has a narrow wall area 41b in the area of this 
depression 39b, into which a cutout 42b, used as an 
interlocking element, and a cutout 4 3b used for blocking the 

15 shift rail, have been cut. Corresponding cutouts 42a, 42c and 
42d are provided in the corresponding wall areas 41a, 41c, 
41d of the other shift rails 28, 30, 31. This correspondingly 
applies to the cutouts 43a, 43c and 43d, which have only been 
indicated in Fig. 2. The narrow sides 38 of the shift rails 

20 28, 29, 30, 31 are arranged on a common plane, so that the 
cutouts 42a, 42b, 42c, 42d form a shifting course. 

As can be seen in Fig. 3, the shift rails 28, 29, 30, 
SI .are arranged in pairs, wherein the shift rails 28, 29 are 

25 embodied in a mirror-reversed manner and form a first shift 
rail pair 44. The shift rails 30, 31 are also embodied in a 
mirror-reversed manner and form a second shift rail pair 45. 

The shift rails 28, 29, 30, 31 are closely spaced apart 
within a shift rail pair 44, 45, wherein the shift rail pairs 

30 44, 45 are at a greater distance from each other. This can be 
seen in Fig. 7. The distance A between the wall centers of 
two adjoining wall areas 41a, 41b determines a grid dimension 
which is indicated in Fig. 7 by means of grid lines Rl to R6. 
The wall areas 41b and 41c are apart from each other by three 

35 grid lines (four times the grid distance A), while the wall 
areas 41c and 4 Id are only spaced apart by a single distance 
A. In this way a clear space 49 of a width of twice A remains 
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between the edge areas 41b, 41c. 

A shift rail selector element 46 is assigned to the 
shift rails 28, 29, 30, 31, which has two tongues 47, 48, 
5 which are arranged parallel with each other. The latter fit 
with play into the respective cutout 42a, 42b, 42c, 42d- In 
the transverse direction, the tongues 47^ 48 are of a 
thickness which approximately matches the thickness of the 
wall sections 41a, 41b^ 41c, 41d, or is slightly less than 

10 these. The center distance between the tongues 47, 48 

corresponds to double the grid dimension A. Therefore the 
clear distance between the tongues 47, 48, i.e. the space 
between them, is slightly wider than each wall 41a, 41b, 41c 
or 41d. Thus the clear distance is also greater than A. In 

15 the embodiment in accordance with Fig. 7, the outer distance, 
i.e. the distance between the out sides of the tongues 47, 48 
which point away from each other, is less than the distance 
between the two wall areas 41b, 41c, i.e. less than three 
times A. Therefore no center position, in which its tongues 

20 47, 48 are not in contact with any shift rail, exists for the 
shift rail selector element 46. If such a center position is 
desired, in which the shift rail selector element 46 has not 
selected any shift rail, the distance between the shift rails 
29, 30 can be increased by one grid dim^ension without any 

25 other functional losses. 

The spacings and dimensions follow the equations: 
B < C and 
E < D, 

30 

wherein B = wall thickness (Fig. 7) 

C = spacing between tongues 47, 48 
D = spacing 49 

E = thickness of tongue (47 or 48) plus 
35 spacing therebetween. 

On its top, the shift rail selector element 46 has a 
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forked end 51, represented in Fig. 9, which can be engaged by 
a conventional shift finger. The shift rail selector element 
4 6 is furthermore seated, displaceable in the Y-Y direction 
called the second direction, in a support 52 embodied as a 
carriage. The Y-Y direction corresponds to the longitudinal 
direction of the shift rails 28, 29, 30, 31. 

The support itself is seated' in a cassette housing 53 
and is displaceable in the X-X . direction, i.e. transversely 
to the shift rails, but cannot be shifted in the X-X 
direction. The support 52 has a slit 54 used as a guide 
means, through which the end 51 of the shift rail selector 
element 4 6 passes. The support 52 is braced by means of 
appropriate guide cheeks 56, 57 on the inside of the cassette 
housing 53, which is approximately rectangular in a view from 
above . 

The support 52 furthermore has a blocking element 58 
in the form of a rib extending in the X-X direction. The 
latter enters into the cutouts 43a, 43b, 43c and 43d of the 
shift rails 28, 29, 30, 31. Two cutouts 60, 61 have been 
formed next to each other in the blocking element 58, each, of 
which can release a shift rail. The positions of the cutouts 
60, 61 can be seen in Fig. 7.. They, are respectively two grid 
distances A wide and are distant from each other by one grid 
distance A. 

As can be seen in particular in Fig. 9, the support 52 
is maintained in a desired initial position, for example a 
center position, by means of a pres tress ing device (bias 
means) 62. Part of the prestressing device 62 is for example 
a pin 63 (shaft), visible in Fig. 5, which extends away from 
the support 52 in the X-X direction and is fixedly connected 
with it. Near an appropriate opening 66, the pin 63 extends 
through an intermediate wall 65 formed in the cassette 
housing 53. Furthermore, a further opening 67, aligned with 
the opening 66, is provided in the housing wall of the 
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cassette housing 53. A pressure spring 68 is seated on the 
pin 63 and is supported ori the one end by means of two- end 
plates 69, 70 (washers) on an annular shoulder 71 of the pin 
63, and on the other end by a snap ring 72. Furthermore, the 
5 snap ring 72 holds an eye 73 seated on the pin 63, whose 
exterior diameter matches the interior diameter of the two 
end plates 69, 70. The eye 73 is connected axially fixed with 
the pin 63. It has a section 74 of increased diameter, whose 
diameter is greater than the interior diameter of the 

10 pressure plates 69, 70. The distances between the respective 
fronts of the section 74 and the pressure plate 69, or 70, 
determine the maximum travel path of the pin 63, and 
therefore of the support 52, in the X-X direction. In the 
position of rest, the pressure plates 69, 70 are in 

15 stationary contact at the intermediate wall 65 and the 
cassette housing. 

If necessary, the support 52 can be provided with a 
transverse bore 75, in which a spring-loaded stop mechanism 
20 76 can be provided, for example to establish an obstacle 

which must be overcome if it is intended to actuate a shift 
rail assigned to the reverse gear, for example the shift rail 
30 (in a three shift rail mechanism) or the shift rail 31 (in 
a four shift rail .mechanism) . 

25 

The gearshift mechanism 32 operates as follows: 

When in operation, a shift finger engages the forked 
end 51 of the gearshift mechanism 32 which is visible, for 

30 example, in Fig. 5. The support 52 has been put into a 
position of rest by the pressure spring 58, in which the 
tongue 48 coincides (is in registration with) with the cutout 
42b of the shift rail 29. If it is now intended to select 
the gear which is to be actuated by the shift rail 31, a 

35 shift finger 77, which is only shown in dash- dotted outline 
in Fig. 3 and enters into the slit 54, displaces the support 
52, and therefore also the shift rail selector element 46, 
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into the position illustrated in Fig. 3. The tongue 47 comes 
into engagement with the shift rail 31, while the tongue 48 
stays in the space between the shift rails 29, 30. This state 
is again illustrated in Fig. 7. As can be seen, the cutout 60 
5 of the blocking element 58 here unblocks the shift rail 31 - 
all other shift rails 28, 29, 30 are blocked. A movement of 
the shift finger 77 in the Y-Y direction can now move the 
shift rail 31 in the longitudinal direction in order to 
engage the desired gear. The position of the support 52 is 
10 fixed through the effect of the prestressing device 62. The 
section 74 of the sleeve 73 is supported on the intermediate 
wall 65 via the end plate 69 (washer) . 

If the shift rail 30 is to be actuated, the shift rail 
15 selector element 46 must first be moved in such a way that 
the shift rail 31 is returned into its neutral position. In 
this position all cutouts 43a, 43b, 43c> 43d are aligned with 
each other. The shift rail selector element 46 can therefore 
be moved' in the X-X direction. Its tongue 47 leaves the 
20 cutout 42d and enters into the cutout 42c. The tongue 48 

continues to remain in the clear space 49. The position taken 
is illustrated in Fig. 4. Only the shift rail 30 can be 
displaced, the shift rails 28, 29, 31 are blocked by the 
blocking element 58. In this state the shift rail 30 can be 
25 moved for engaging and disengaging the appropriate gear. The 
shift rail selector element 4 6 can be moved further toward 
the right from this neutral position, in which it is coupled 
with the shift rail 29 and in which the prestressing device 
62 is relaxed. ^ 

30 

To engage the gears connected with the shift rail 28, 
the shift rail selector, element 4 6 is moved into the position 
illustrated in Fig. 6 by means of the shift finger 77, in 
which the tongue 4 8 sits in the cutout 42a, while now the 
35 tongue 47 is located in the clear space- As can be seerif this 
takes place against the prestress of the prestressing device 
62. 
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The tongue 47 is assigned to the shift rail pair 44, 
while the tongue 48 is assigned to the shift rail pair 45. 
The distance between the shift rail pairs 44, 4 5 can be 
5 arbitrarily increased. However, in the disclosed embodiment 
it is possible to achieve a particularly short shifting 
travel in the X-X direction. Its length corresponds to only 
four grid distances A. 

10 Fig. 11 illustrates a modified embodiment of a 

gearshift mechanism 132 in accordance with the invention. 
Part of this are again four shift rails 128, 129, 130, 131, 
to which a shift tower 180 (shift tower assembly) is 
assigned. The latter has a housing 181, in which a shift 

15 lever 182 is pivotably seated by means of a pivot bearing 

183. Pressure elements 184, 185 acting below its pivot center 
can prestress the shift lever 182 toward its center. 

Its lower end 186 passes through a blocking and guide 
20 plate 187, which for this purpose has a slit 188 extending in 
the Y-Y direction. The blocking and guide plate itself is 
guided in such a way that it is only displaceable in the X-X 
direction, but not in the Y-Y direction. It can have a 
. blocking element 158 at a location distant from, the slit 188, 
25 which essentially corresponds to the blocking element 58 in 
Fig. 7. 

The shift lever 182 is separately illustrated in Fig. 
12. Below a bearing ball 189 it has a wedge section 190, on 

30 which the pressure elements 184, 185 (Fig. 11) act. A shift 
rail selector element 146 with two tongues 147, 148, which 
are used as selector tongues for the shift rails 128, 129, 
130, is embodied below the wedge section 190. These are 
embodied * corresponding to the shift rail 29 in accordance 

35 with Fig. 8. The geometric relationships correspond to those 
described in connection with Fig. 7. 
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